Background. To understand the clinical burden of Clostridioides difficile infection (CDI), we analyzed health outcome data from Ontario, Canada for CDI associated with and manifested in acute care hospitals (ACH), long-term care facilities (LTCF), the community, or ACH-associated with community-onset.
Clostridioides difficile (CD) is a Gram-positive anaerobic bacterium transmitted between individuals by the transfer of spores. The primary reservoirs of CD include colonized or infected individuals, with spores commonly spread from the following multiple sources in the healthcare environment: on the hands of healthcare professionals; via contaminated surfaces, objects, and equipment; and in the feces of infected patients [1] [2] [3] [4] . The health outcomes associated with CD infection (CDI) vary widely on a spectrum of severity, from mild diarrhea to death [5] [6] [7] .
In Canada, CDI is among the primary infectious disease causes of morbidity and mortality [8] and has long been considered a hospital-acquired infection, with incidence rates of 5.35 per 1000 patient admissions [9] . However, recent literature suggests that rising incidence of CDI is associated with other settings, namely, long-term care facilities (LTCFs) and within the community [10] [11] [12] . Clostridioides difficile infection models have found that individuals living in long-term care facilities (LTCFs) transmit the disease at a rate of 27% of that of patients in acute care hospitals (ACHs), whereas communitydwelling residents transmit CDI at a rate of 0.1% of that of hospitalized patients [13] . However, the sheer number of individuals living in LTCFs and in community settings increases the potential for infection. Location of CDI association is likely to impact severity of disease, given that strain prevalence may be setting-dependent [14, 15] . In addition, individuals in LTCFs or in hospitals may be more vulnerable to the clinical consequences of CDI because age and underlying disease have been found to be strong risk factors for both initial illness and recurrence [16, 17] . Location of CDI onset is also likely to affect severity because detection and treatment paradigms may differ depending on whether symptoms begin in the hospital or in the community. It is important to understand to what extent the health outcomes experienced by individuals with CDI are attributable to the disease, how this differs by location of CDI association and onset, and whether there are specific factors that increase patient risk of poor outcomes with CDI.
Heightened surveillance and understanding of disease burden can motivate and improve prevention and disease management efforts. In this study, we used linked health administrative data from Ontario, Canada's most populous province, to estimate the medical burden of CDI based on whether the infection was associated with and manifested in ACH, LTCF, the community, or ACH-associated with community-onset.
METHODS
We conducted a retrospective cohort study to obtain Ontariobased estimates on mortality and rehospitalization rates for individuals with CDI that required hospitalization, compared with controls matched on various patient factors and medical conditions at time of disease onset. This study received ethics approval by Advarra's Institutional Review Board (IRB) Services, Canada's largest central IRB.
Data Sources
We conducted analyses using data from Ontario, a Canadian province with an estimated current population of more than 13.8 million [18] . ICES, an independent research organization, holds the province's health services administrative data on hospital and physician billings [19] . Individuals' health card numbers were encrypted, converted into unique identifiers, and linked to the Ontario Health Insurance Plan physician billing claims database. These data were also linked to both the Canadian Institute for Health Information (CIHI) hospital Discharge Abstracts Database (hospital discharge data) and the National Ambulatory Care Reporting System (data on emergency department visits). We also used the Registered Persons Database, a population-based registry containing demographic information for all Ontario residents eligible for health services, to access individuals' age, sex, postal code (to distinguish between urban and rural locations), and date of death.
Study Population Cases
We used administrative data to identify individuals (1) with an International Classification of Diseases, Tenth Revision (ICD-10) diagnosis code for CDI (A04.7) between April 1, 2005 and March 31, 2015, (2) 18 years or older at time of diagnosis, and (3) without a diagnosis code for CDI in the previous 180 days (if a patient had a second CDI diagnosis after 180 days postdischarge, this was counted as a separate recurrent incident, whereas one occurring before that time was still considered to be part of the index case).
Where possible, the individuals identified above were then categorized into 4 cohorts depending on location of CDI association and onset (defined in Table 1 , and adapted from the Centers for Disease Control and Prevention surveillance definitions [20] ): ACH-associated/ACH-onset CDI, LTCF-associated/LTCF-onset CDI, community-associated/ community-onset CDI, and ACH-associated/community-onset CDI. These cohorts were prespecified as of interest because they encompassed most cases, and they were also assumed to be definable within the parameters of the datasets. Those who did not meet the definitions for any of the cohorts were excluded from the analysis.
Controls
Controls were individuals who were 18 years of age or over, lived in Ontario, and without an ICD-10 diagnosis code for CDI (A04.7) between April 1, 2005 and March 31, 2015. Matching was based on hard-match and propensity-score match criteria at the time of CDI onset for cases ( Table 1) . Members of each cohort were greedy-matched to 1 to 3 controls based on these criteria. For each of the 4 cohorts/controls, we used calipers of width equal to 0.2 of the standard deviation of the propensity score.
The primary outcome was 30-day all-cause mortality, whereas the secondary outcomes were (1) mortality rates (90 and 180 days post-CDI admission), (2) all-cause rehospitalization (30, 90 , and 180 days postdischarge), (3) index hospitalization length of stay (LOS) and intensive care unit (ICU) LOS, and (4) colectomy rates within 365 days after index date (partial, total, or radical resection of the large intestine or rectum). For the controls, LOS and ICU LOS were only calculated for individuals who are hospitalized within 90 days of index date of the paired case.
Analysis
We calculated summary statistics to characterize the CDI cohorts and controls at baseline (ie, index date) by using means and standard deviations, medians (interquartile ranges), and proportions. Categorical and continuous variables were compared using generalized estimating equations to calculate standardized differences.
Using the 4 cohorts and matched controls, the relative risk (RR) of the various outcomes (excluding LOS and ICU LOS) were determined through negative binomial generalized linear modeling. For each of the 4 cohorts, multivariable regression models were used to determine the risk factors for 30-day allcause hospitalization, 30-day all-cause mortality, and all-cause 180-day mortality, with predictor variables including age group (45-64, 65-74, 75-84, and ≥85 years), sex, and healthcare exposure (prior hospitalization in an ACH) in previous 90 or 365 days, antibiotic exposure in previous 30 days, and comorbidities (cardiovascular disease [CVD] , chronic obstructive pulmonary disease, congestive heart failure, diabetes, liver disease, renal disease, cancer, pulmonary circulation disease, valvular disease, and inflammatory bowel disease). All analyses were conducted by ICES staff rather than the study team due to privacy rules regarding access to the individual-level health data.
There were 33 909 new cases of hospitalized CDI in Ontario between April 1, 2005 and March 31, 2015. Of these, 32 972 met our criteria for 1 of the 4 cohorts and 22 617 were able to be matched with controls: 13 152 (58.1%) were ACH-associated/ ACH-onset, 7116 (31.5%) were community-associated/ community-onset, 1847 (8.2%) were ACH-associated cases that manifested in the community, and 502 (2.2%) were LTCF-associated/LTCF-onset.
Baseline Characteristics
Acute-Care Hospital (ACH)-Associated/ACH-Onset Clostridioides difficile Infection.
There were multiple significant baseline differences between the cohort and their controls: the cohort had a lower percentage of LTCF residents, a longer LOS, and were more likely to have been hospitalized in the last 12 weeks and up to 1 year prior. They were also more likely to have used antibiotics in the 30 days before onset and to have renal disease (Table 2) . Compared with the controls, this CDI cohort had a significantly longer hospital LOS, as well as higher rates of renal disease, hospitalization in the previous year, and antibiotic use in the previous 30 days.
Community-Associated/Community-Onset Clostridioides difficile Infection.
The cohort had a longer hospital stay than their matched controls. In addition, a higher percentage of the cohort had CVD, renal disease, hospitalization in the previous year, and used antibiotics in the previous 30 days. Compared with the controls, the cohort had a significantly longer hospital stay, as well as a higher rate of renal disease and a lower rate of cancer. c A "postadmit comorbidity of significance" is a condition that arises postadmission, has been assigned an ICD-10-CA code, and affects the resource consumption or length of stay (LOS) of the patient. d The "most responsible diagnosis" is the one most significant diagnosis or condition that causes a patient's hospital stay; matched on first 3 digits of ICD-10-CA code.
e A measure of a community's rurality based on its population and population density, travel time to nearest basic referral center, and travel time to nearest advanced referral center.
f Ontario comprises 14 LHINs that function as health authorities responsible for regional administration of public health services including hospitals and LTCFs. g Comorbidity score based on ICD-10 coding [21] .
h Individuals in this control group had not necessarily been hospitalized at index date.
i A "preadmit comorbidity of significance" is a condition that existed before admission, has been assigned an ICD-10-CA code, and affects the resource consumption or LOS of the patient. Table 2 Compared with controls, patients whose CDI was associated with staying in-hospital while admitted for a separate health issue had significantly worse unadjusted outcomes including a median total LOS that was 3.9 times longer, as well as higher rates of colectomies, and all-cause rehospitalization at 30, 90, and 180 days (P < .0001 for all comparisons) ( The LTCF-associated cohort had a significantly longer median hospital LOS than their controls as well as higher rates of clinical outcomes including mortality and rehospitalization (P < .0001 for all comparisons) ( Table 3 ). These differences remained significant after adjusting for patient factors (Table 4) .
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Community-Associated/Community-Onset Clostridioides difficile Infection.
Compared with controls, the cohort had a 10-day longer median LOS and higher rates of 30-, 90-, and 180-day mortality, rehospitalization, and colectomies within 1 year after disease onset (P < .0001 for all comparisons) ( Table 3 ). Adjusted risks of the mortality and rehospitalization outcomes were also significantly higher for patients with CDI than their controls (Table 4) .
Acute-Care Hospital-Associated/Community-Onset Clostridioides difficile Infection.
Patients whose CDI was hospital-associated but whose disease onset occurred after discharge into the community had significantly longer mean LOS (difference = 7 days) and higher rates of rehospitalization than their controls (P < .0001 for all comparisons) (Table 3 ). However, this cohort had significantly lower mortality rates compared with their controls (34.5% vs 46.1% at 30 days postdischarge). After adjusting for risk factors, the differences were still significant for mortality (RR = 0.75 and 95% CI = 0.70-0.80 at 30 days) and rehospitalization outcomes (Table 4) .
Risk Factors
Acute-Care Hospital (ACH)-Associated/ACH-Onset Clostridioides difficile Infection.
Those in the CDI cohort who died within 30 or 180 days of discharge were significantly more likely than their controls to have used antibiotics in the 30 days before onset (30.8% vs 23.9% and 28.8% vs 23.4%, respectively) (Supplemental Table  1a ). Compared with their controls of the same age group, significantly more cohort members 45-64 years of age were rehospitalized within 30 days postdischarge (23.8% vs 10.6%).
In adjusted models for risk factors for rehospitalization and mortality in the CDI cohort (Supplementary Table 1b) , we found that greater age was significantly associated with higher odds of mortality (RR for 30-day postadmission all-cause mortality: 0.14 [95% CI, 0.10-0.20] for 18-49 years vs 85 years and older) but lower odds of rehospitalization. Recent antibiotic use and healthcare exposure remained significant predictors of mortality, as did both renal disease and liver disease, but the odds of mortality decreased in individuals with inflammatory bowel disease.
Long-Term Care Facility (LTCF)-Associated/LTCF-Onset Clostridioides difficile Infection.
Of those who died at 30-days or 180-days, there was a significantly higher percentage of those who used antibiotics in the 30 days before onset (29.1% vs <5% [actual number unavailable], and 45.0% vs 31.8%, respectively) (Supplemental Table  2a ) or had healthcare exposure in the previous 365 days (45.7% vs 33.9% and 45.0% vs 31.8%, respectively). However, there were no significant risk factors identified in the adjusted analysis (Supplementary Table 2b ), apart from females having a lower odds of being hospitalized within 30 days of discharge, compared with males (RR = 0.45; 95% CI, 0.22-0.90).
Community-Associated/Community-Onset Clostridioides difficile Infection.
Of those rehospitalized within 180 days of discharge, 22.4% of those with CDI were 45-64 years old compared with 10.9% of controls (Supplementary Table 3a) . Compared with the controls, those in the cohort who died within 30 and 180 days of discharge were significantly more likely to have used antibiotics in the 30 days before onset (25.8% vs 12.1% and 22.8% vs 9.6%, respectively).
In the adjusted analysis (Supplementary Table 3b ), those at a younger age have significantly lower odds of mortality than those 85 years and over (RR = 0.09 and 95% CI = 0.06-0.13 for 180-day mortality). In addition, healthcare exposure in previous year, being male, and having cancer and liver disease were all associated with significantly higher odds of 30-day and 180-day mortality. Of those rehospitalized within 30 days of discharge, those with CDI were significantly more likely to be 45-64 years (34.2% vs 11.5%) and to have used antibiotics in the 30 days before CDI onset (44.1% vs 34.6%) (Supplementary Table 4a ). Those in the cohort who died at 30 and 180 days were significantly more likely to have used antibiotics in the 30 days before CDI onset than the controls (51.2% vs 36.9% and 49.4% vs 36.5%, respectively). Table 3 ACH-acquired/ACH-onset mortality was estimated from date of discharge rather than date of admission given that the patient did not have CDI at admission.
c Exact counts were low and therefore withheld from analysis to protect patient privacy.
In the adjusted analysis, all adult age groups were significantly more likely to be rehospitalized than those 85 years and older, and the association was strongest in those 45-64 years (Supplementary Table 4b ). For 30-day and 180-day mortality, all age groups had significantly lower odds than those 85 years and older, with the association strengthening with decreasing age.
DISCUSSION
The clinical burden of hospitalized CDI in Ontario is considerable, manifesting as both in-hospital and postdischarge outcomes. Our study demonstrates that compared with those without CDI but with similar demographics and medical history, individuals with this infection had poorer outcomes, including significantly longer hospital stays, higher rates of all-cause rehospitalization, and, for those whose CDI was associated with their LTCF or the community, higher rates of all-cause mortality. For each of the 4 CDI cohorts, the odds of 30-day and 180-day all-cause mortality increased with age. Factors identified with higher odds of 30-day all-cause rehospitalization with ACHassociated/ACH-onset CDI included being a younger adult and having healthcare exposure in the previous year. Individuals with liver disease, cancer, or healthcare exposure in the prior year were associated with 30-day all-cause rehospitalization and 30-day and 180-day all-cause postadmission mortality for those with community-associated/community-onset CDI.
In prior studies, 30-day mortality rates in individuals with CDI have varied widely, from 2% to 42% [22] [23] [24] . In our 4 cohorts, LTCF-associated CDI was associated with highest mortality rates (46.6% at 30 days postadmission), as well as largest attributable risk, compared with matched controls. A significantly higher percentage of the cohort had been in a healthcare setting in the previous year and had used antibiotics in the previous 30 days, indicating that they may have had recent illnesses that left them vulnerable to CDI and death. A study of CDI outcomes in LTCFs in Alberta, Canada found that 22.2% of affected residents died within 30 days of their diagnosis [12] . This is significantly less than what we observed (46.6%), and the difference cannot be explained by a comparison of available patient demographics and medical history. However, it is possible that cases in our population were more frail or had a higher prevalence of previously identified risk factors for mortality including antibiotic exposure, hypoalbuminemia, or infection with ribotype 027 [25] .
We observed higher rates of all outcomes in the communityassociated CDI cohort than their matched controls. Our results corroborate a study of community-associated CDI in Ontario between 2003 and 2010, which also found increased mortality rates in 30 days (11.8%) and 180 days (19.6%) compared with noninfected controls [26] . We also observed a median hospital stay of 10 days longer for cohorts versus controls; 20% were hospitalized again in the following 6 months. Although our study excluded CDI that did not require hospitalization, communityassociated CDI that does is clearly quite severe. Although this CDI had the lowest mortality rate of the 4 cohorts, with less than one third of individuals dying at 180 days, the rates are not insignificant. Those whose CDI was associated with their hospital ACH-acquired/ACH-onset mortality was estimated from date of discharge rather than date of admission given that the patient did not have CDI at admission.
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• Pereira et al stay but were discharged into the community where their disease manifested had very severe outcomes, with more than one quarter requiring rehospitalization after discharge for their CDI stay, and half dying in the 6 months postadmission. Mortality rates and rates of clinical events such as rehospitalizations were even higher than they were for those who were diagnosed in-hospital during their index stay. This may imply that those for whom CDI is not diagnosed quickly during their index stay may have more clinically severe disease. However, a higher percentage of ACH-associated/community-onset cases had antibiotic exposure in the previous 30 days compared with ACH-associated/ACH-onset cases (46.8% vs 25.0%), which may have contributed to the severity of their CDI and higher outcome rates. In addition, those whose CDI manifested in the community may have had a more clinically detrimental illness for which they were admitted to hospital than those whose CDI was diagnosed during their index hospital stay. Further research is needed to investigate this finding.
It was surprising that mortality rates for ACH-associated CDI appeared significantly lower than matched controls. Because those with ACH-associated CDI have more clinically severe disease, as evidenced by their increased LOS and their higher rates of rehospitalization, this seems especially puzzling. There is no evidence in the literature to indicate that CDI has a protective effect on individuals with respect to death, and therefore we assume that this is likely a difference specific to this dataset and a result of the limitations of our matching criteria. We matched the first 3 digits of the case's ICD-10 diagnosis code to ensure that differences in burden could likely be attributed to CDI rather than the primary reason for hospitalization. This specific matching criteria has been used in a previous Canadian study [26] . However, the matched controls may have had more severe primary diagnoses than the CDI cohort, resulting in their higher mortality rates. In addition, compared with the ACHassociated CDI cohort, a higher percentage of their matched controls were LTCF residents, and individuals may have been more frail and therefore at greater risk for mortality [27] .
We determined risk factors for all-cause rehospitalization and all-cause mortality for each of the 4 cohorts. Although many of the factors we identified-increasing age, healthcare exposure in previous year, antibiotic use, and cancer and liver disease-have previously been associated with increased risk of poor outcomes [28] [29] [30] , others, such as the effect of inflammatory bowel disease, will require further validation. Being able to identify patients with CDI who are most at risk for severe outcomes may prove an important tool in reducing the clinical burden of this disease.
Our study is not without its limitations. Of those with ACHassociated CDI, 5% were LTCF resident, and therefore they may have been infected in their facility and not during hospitalization. Although, we attempted to use robust matching criteria to match CDI cohorts to controls, we noted many differences with respect to patient factors and certain comorbidities that may have affected rates of outcomes in our unadjusted analysis. The health administrative databases do not identify the date of positive CDI diagnoses, only whether they were diagnosed during a hospitalization; therefore, it was not possible to determine mortality rates from the exact date of diagnosis, so instead we measured mortality rates after admission and after discharge (where applicable). We used ICD-10 codes to identify cases of CDI, and therefore coding errors will impact our estimations of incidence. However, a Canadian study found that the ICD-9/ICD-10, with Canadian Enhancements (ICD-10-CA) codes for CDI have high sensitivity (88%) and specificity (100%) so we expect that impact to be minimal [31] . In addition, the Canadian Institute of Health Information conducts annual testing on a sample of charts from Canadian hospitals to assess the accuracy of diagnosis type coding, by way of comparison to the corresponding hospital charts. In 2015/2016 (the most recent year such data are currently available), there was 93% agreement for most responsible diagnosis, 83% for preadmit comorbidity, and 84% for postadmit comorbidity for several diseases including CDI [32] . We did not have access to outpatient data, and we could not include this in our definition of "previous healthcare exposure", so we could not assess whether recent exposure to outpatient healthcare settings were associated with CDI. In Ontario, CDI is tested by enzyme immunoassay, nucleic acid amplification test, and cytotoxicity assay, in addition to other visualization or histological diagnoses. Testing type was not available, nor did we have access to strain type data; these inclusions could provide more insight into whether the cohorts included cases of colonization or only true disease, as well as which strains were most responsible for mortality and other severe outcomes of CDI. Data on strain type may have also helped with validation of our assumption that all ICD-10 codes for CDI that were 180 days or more from a prior code represented a new case. Finally, data were not available for those Ontario residents diagnosed with CDI outside of Ontario or admitted and/or readmitted to hospitals outside of Ontario.
CONCLUSIONS
Our study provides important data on the clinical burden of CDI in Ontario, informing a stronger understanding of how the changing epidemiology of this infectious disease has impacted the health of affected individuals. Given that one third of cases occur outside of hospital settings, there is strong justification for prevention and early identification of CDI in the community and LTCFs. We have identified that CDI is associated with poor patient outcomes from infections associated with all settings, making it important (1) to identify those considered at high-risk for CDI and (2) to focus on prevention efforts to control the spread of this infection.
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